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. INTRODUCTION 


This Information Circular is an abstract of a manuscript which was com- 
pleted in June 1933, by Mr. Hugh “Ve wolflin, formerly of the U.S. Bureau of 
Mines. This abstract has been prepared ty Charles Will Wright for presenta- 
tion at the February meeting of the American Institute of Mining and Metal- 
lurgical Engineers in New York. It has been necessary to omit many of the 
Cetails and most of the cost data and tables, as well as the illustrations 
in the original nanuscript. As the use of airplanes in mining developments 
is makiny such progress and as a publication’ on this subject to be of great- 
est value should include the most.recent information, it is unfortunate that, 
cue to a lack of printing funds, it has not been possible to publish this 
manuscript. : : 


The purposes of Mr. Wolflin's paper are: 


(1) To desoribe. briefly what has been accomplished in: some outstanding 
examples by the use of aircraft in the mining and petroleum industries, 


(2) To record costs, . . 


(3) To present awilable information and sugcestions to assist in 
solving future air-transportation problems in the industries under consider- 
ation. ’ : : | a 


The manuscript is divided into seven chapters; 


I.” Prospecting and Exploration 
II. Aerial Mapping -....,.-. 
III. Air Transportation of Freight . 
IV. Individual Air Transportation.- 
VY. lending Fields a we 

YI. Dependability of Airplanes 

VII. General Summary . 


Tt is well illustrated by diagrams and photographs and includes a 
bibliograpnay of published-articles 9gn.aviation from which part of the informa-— 
tion in tue manuscript vas taken. Much of the data, however, was derived 
from correspondence wita engineers and managers of air-transportation com 
panies and others who contributed. generously such information as they had 
available. _ Mee + 


In the introduction Mr. Wolflin mentions the various, means of transport 
used in isolated regions throurhout.the world; trains of native packers in 
Africa, dog teams in Alaska, c&noes in Canada, and pack horses in the Rocities, 
He tells how airplanes were used at first for carrying prospecting parties, 
engineers and geologists to investigate new districts, then for mapping the 
topography and geology in these outlying areas, and.describes the development 
of tne big cargo plane for transporting heavy loads to otherwise almost in- 
accessible regions, 
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PROSPECTING, EXPLORATION AWD SURVEYING BY AIRPLANE 


In nortuern Caneda and Alaska, airplanes have been used for prospecting 
and exploration, perhaps to a greater extent than elsewhere in the World, 
although several extensive surveys and exploration trips have been made with 
then in central Australia. The substitution of airplanes for more primitive 
methods of transportation in the North has been considerably advanced by the 
development of satisfactory landings gear: skis in winter and floats in 
summer. Much of the nortlern terrain has many laces and rivers which serve 
as satisfactory landing places for pontoon-equipred aircraft during the 
summer. Good landing places are even more numerous for ski-equipped craft 
during the winter. As a rule tnere is not more than a month or tro during 
the spring break-up and the autunn freeze when the use of aircraft is im- 
practicable in these areas, | 


The satisfactory develowment of air-cooled enzines for airplanes has 
been an important factor in increasing air transportation, particularly in 
areas where extremely low tenreratures may be encountered. With the rapid 
increase in dependability and norsepower developed per unit of engine weight, 
the cruising range and nav load of aircraft have increased, also the effic- 
iency and safety of air transportatior. in remote ATEAS 


ia seeped’, it is conceded that the use of airplanes has increased both 
the safety and efficiency of rrospecting and exploration in areas remote 
from centers of population. 


A mamber of actual examples of aerial prospecting and exploring opera- 
tions are summarized here for the information of organizations considering 
tne examination of areas renote from transportation. While the details, 
particularly the cost data, are fragmentary, all the readily available 
information nas been included. 


Qutstanding Examples 


Tie Consolidated Mining and Smelting Co. of Canada, with headquarters 
at Trail, Pritish Columbia, has perhaps made as extensive use of airplanes 
in connection with its recent exploration work as any mining concern on the 
American Continent. 


In the spring of 1929 the comnany brovusht sone of its examining mining 
ensineers to Trail and provided them with flisht instruction until tney re- 
ceived their conmercial air-pilot licenses. When the ice broke on the lakes © 
and rivers in the northern mining areas, two or these engineers started out 
in De Havilland Gipsy Moth airplanes, equipped with pontoons, These ships 
are liztht, two-place, open-cockpit, foldins-ving biplanes with four-cylinder, 
inline, vertical air-cooled, direct-drive, 95-hp. Gipsy engines. Each exam- 
ining engineer-pilot was accompanied by an airplane mechanic who also assisted 
with mine sampling and sinilar vor. 


The folloring vear, 1930, the conpany trained several more engineers dur- 
ing the winter months. In the spring, two additional Gipsy Moth airplanes 
were purchased and sent out with engineer-pilots and airplane mechanics. 
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As aerial exploration developed euccessfully, three larger air-craft 
were operated for about 2E years, These heavier machines consisted of one 
Fokker Super-Universal cebin msnovlene and two Fairchild (71) cabin mono- 
_ planes, e@ch porered with a Wasy 420-hp., Pratt and Whitney, radial air- 
cooled, direct-drive engine. The larger plenes served as freigaters to corry 
food, gasoline, and supplies to caches near where the enaller planes were 
operating. They alsa were used to carry en and su~plies, including drilling 
and camp equipment, into remote rerions. In this way, propertice under option 
were speedily investigated anc drilled. Then enmaller planes were also pur- 
chesed for the transportation of the company's officials. 


To Merch, 1951, this.compeny!s airplanes had flow approximately 425,000 
miles since the first machine was put into operation. There was not a single 
failure of an engine in flignt or a single injury of a serious nature to per~ 
sonnel], A considerable portion of the mileaze is credited to the enzineer~ 
Pilote who received their training in company-owned airplanes. Most of the 
flying was done under the wide variety of conditions encountered in the re~ 
mote mining districts of northern Canada. In the summer timo the airplanes 
were equipped with pontoons. In the winter time the pontoons were replaced 
hy skiis, | , 


During 1931 "Consolidated" aircraft flew a total of 3,028.8 hours, 
covered 273,726 miles, and carried 1,817 passengers and 247,897 pounds of 
freirht, a | : _* 


Qosts of operating the tro-passenger Gipsy Moth alrplanes in the Canadian 
Northwest have been announced as’ approximately 35 cents per plane-mile, This 
figure includes all expenses such as engine and aircraft overhaule, insurance, 
depreciation, gasoline, oil, and all operating and edminstrative costs other 
than engineer~pilots! salaries. Overhauls and mechanical work of all kinds 


were done at the company's shops at Trail, 


From the foregoing record it appears that mining and petroleum companies 
operating in the United States could reduce costs and increase supervisory 
efficiency considerably by sivineg pilot training to some of their district 
managers, superintendents, geolovists, engineers, and hirhly paid service men 
who now spend # considerable part of their time driving avtomodiles. Tye 
furnishing of light, stable, slovw-landinz airplanes to some of these men who 
are building up automobile milesze at a surprisinz rate is recommended for 
consideration. From aveilable information it anpears that the operating 
costs of many of thair autonobiles are sliently higher than would be the 
cost of operating suitable airplanes. , 7 


A letter from John C. Rogers, consulting mining reologist, of Toronto, 
states that his orzanization has had excellent results in the operation of 
airplanes by mining engineers and geologists with pilot-training. He con- 
Sivars it advisable to have a pilot who understands thoroughly what is 
sougnt by the field men and that in fsolated districts the second man should 
be & first-cless mechanic as well as an observer or mapper. Pilots should mt 


be permitted to fly alone. 
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Prior to March 1922 the Northern Aerial Win 


vere oy 
commonly designated as ~ AOLE., aod tlown asre th 
nortsern Canuda without e single casurliy,'’ar carding to cetails sublished 
by its staff in the Canadian Mining: and Metalturzical Filletia for Mereh 
1929, sumnnarize’ as follows: 


"Mucii of tue Zlyioz vas over vircta Verritery probably never before 
visited by white mex. Some of it wes ovor reyions that ebound with 
possibiiities for minerzls. All of it wos done for exploration end the 
establishnuent of bas.s and suunty stations for carryinz: men and their 
tools and provisions to remote locations." 


Some advantares gained by the use of the airplane in the North are pointed 
out by J. E. Yarnell, ce o. the orranization, in the Transactions of 
the Canadian Institute oF Minin: ; and. wetallarcy for 1024, as follows: 


"l, Safetr: From lyoo until March 1209 there were no casualties 
anong @ir possensers, where ebdcut 12 sen lost their lives through the 
hazards of more primitive types of transportation. | 


"2. Communication and supervision. These provide the key to effective 
prosrectins. Parties are at Dll tines in touch with district engineers at 
ho2zdquarters and receive nolp and advice on the. sround when they need it. 
Effectiveness js tremeacoisly increaccd,. 


"3. Morale. This is ‘ncresced out of all proportion to other factors. 
Men are in touch with civilization and have iad the worry end labor of 
ransportetion of sunplies removed. Thev cen ecply themselves fully to 
the work of prospectinz within a convenient radius of their main camp. 
Wnen they heve finisie2 with a particular locality they, their canocs, 
and their supzlies are transvorted to anotner area and work resuned ina 
fraction of a day. 


"4, dorial observatioi. Geological boundaries can be outlined rourh- 
ly by an engineer or an exnerienced prospector. Topovzraphic features of 
the country can be supplied to the field parties in remarkably quick time." 


Transrortation is probably the vigzest problem the prospector has to 
face. According to the staff of the N.A.U.E., the airplane eliminates this 
for him. The prospector can be carried 14: a few hours to regions that ordi- 
narily coulda not be reached in wees of travel. He can he kept supplied with 
food, explosives, and tools, 


Trensportation is et present by far the most !nnortant role of the air- 
plene. Uncer it may be included: 


(a) Placing partics completely equippe? in previously selected local- 
ities, 
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(b) Keeving these parties supplied with food, dynamite, drill steel, and 
tools. Zecause of transportation difficulties prospectors rarely nave carried 
the latter aids into the wilderness. 


(c) Carrvins in additional men, equipment, and supplies Without loss of 
time if results of preliminary work warrant nore intensive prosvectineg, 


(dj) Uoving parties witheovt loss of time from one locality to azother 
when the work in an area is completed, 


(e) Plscing parties early in the season (April) in selected localities, 
giving them a 6 or 8 weels's start before the test prospecting months of the 
year, May and dune. The difficulties in connection with placing parties be- 
fore break-up by ordinarr transportation methods are so great that it is 
pares) eter Ered except in localities close to Peaveyes 


By such inethods one  eeoueine Sate in a single season can line up areas 
for intensive prospecting during the following season that could easily keep 
a small army of prospectors busy. 


Methods of operation, orzanization, personnel, division of personnel, 
lists of equipment, and details of work performed in specific areas are in- 
cluded in the original article cited, with a general discussion of cost 
factors and remarks on increase in safety due to the use of airplanes. 


With the organization of flving companies in northern Canada, soze of 
the mining exploration companies, including N.A.M.E., have found it more 
economical recently to buy aerial transportation than to maintain their own 
flying equipment and staff. When an area has been partly developed so that 
the addition of larger crews is justified and the amount of freight for con- 
tinuous movement has increased a mining company perhaps may be justified even 
under present conditions in considering the air transportation of its own 
freight, 


Views of Experienced Pilots 


The prominence of Major T. G Lanphier, president of the Bird Aircraft 
Corporation, in the field of aviation makes his views of special interest. 
The following has been summarized fron his letter of October 27, 1931: 


"That suitable planes can be onerated safely by men of limited ex- 
perience is shown bv the fact that.a large number of plane owners are 
“private people who have no interest in commercial aviation and who do 
not flv frequently. It is possible for a normal person to learn to 
fly a Bird plane in 4 hours of instruction and immediately thereafter - 


be his own observer if he is a feolosist. 


"A pilot with any degree of skill can land and take off safely at 
high altitudes with suitable planes, particularly if they are equipped 
with superchargers. Handling a plane in stormy weather on the ground 
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is simule. I% is only necessary to stake dow: the eirplane and kee it 
in a sheltered spot. Sven if tne srot is not particularly sheltered 
fron high winds, a plane staked down properly siould zive no trouble. 


"Cruising near the round to examine its zeological features is par 
ticularly simple rita our planes. The practice is referred to as hedge 
hopping and it is necessarv for the plane to maintain a low forward 
speed if the -eolozical ovservations are to be accurate. It is possible 
to cruise along with the plane at mach less than 6) miles an hour, whic, 
“rom reasonable altitude, maces preliminary reolozical observations 
practical, '!! 


Newton Wakefield, vice president and genercl manager, Mamer Air Transport, 
Gives sore of his viewe in a paner on "Mine Develovwment by Airplane" in the 
angineering and Mining Journal for Mar 1932, page 264, as follows: 


"The usefulness of the airplane in the mining industry has not been 
adequately appreciated or exploited. Durinz recent years the airplane 
has been utilize: extensively to aid mining engineers and geologists in 
scientifically prospecting for new orebodies and new oi1 deposits. This 
use has been rather more extensive in Canada and Alasi-<a than in the United 
States. 


"Usually, the rlan is to fly a geologist over the region to be vros- 
pected and to let him studv the general relation of outcrops and other 
geological features visible from the air. Aerial pictures may be ta'cen 
and any interesting country manned by duilding ur a mosaic of aerial 
photographs. The geologist finally reduces the entire area under con- 
sideration to small sections which arpear to have tne most promise." 


Central landing fields are then located, and prospectors, equimment, and 
supplies are flown to these points. The prospectors are assigned definite 
ereas to cover, and every 2 or 3 weeks they return to the landing fields with 
samvles they have taicen, Samrles are examined ard assaved with a portable 
outfit set up at the landing field or are florn to the nearest assay office. 
The engineers and field geologists are thus able to keep commlete records of 
the work beings done. They can concentrate the pros»vectors in areas which 
Zive the most promise as srown by sanmiles and examination of the work done. 
In this way all work is under the control and supervision of the field engi- 
neers or geolosists; plans are carried out in a scientific and systematic 
manner; and large areas can be nrosz,ected thorouchly in the shortest time 
possible, 


Aerial maps are commlete in every detail and give the engineer a “xic- 
torial representation imsossible to obtain in any other way. They contain 
such a wealth of detail that it is often possible to lay out roads, power 
lines, tramweys, anc other surface developments on the aerial maps without 
meking further surveys. Aerial pictures, acrial maps, and aerial reconnais- 
sance can hel» tne mining engineer in hundreds of wavs. In the future, the 
aerial caitera will be as much & yart of his equipment as tne transit is today. 
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Wakefield's article describes the modern transvort plane, its capabilities, 
end: its limitations and shows how it may be employed by the mining industry in 
Solving provleme of prelininary exploration and transportation. It is stated 
that a transport plane of one of the earlier Ford Trimotor types can carry a 
3,090-vound carsio at 100 miles an hour and that with this load it will land 
on anc take off from smell tielads. 


Usually, suitable landing fields cen be built at small expense by felling 
trees and grading ranwavs or by soothing out the rovgh spots in a meadow. 
Ia tue Idaao-Montana area the United States Forest Service estimates the cost 
of prepering this tyne of field as about the same'as that of building a mile 
of trail. No subsequent maintenance iu necessary in many areas. - 


The direct cost of air transportation of equimment into renote areas fre— 
quently is far below taat of any other method. The saving in time usually 
means a keavy reduction in ultimate costs. | : 


Some tit Costs in Aleske. 
Frenk Dorbandt, commercial airplane operator at Anchorage, Alas'a, con- 
tributed a letter containing some interestinz unit costs of airplane opera- 
tions in his cistrict. His »bservations are swmarized as follows: 


"Air-transportation costs vary with the size of the organization. 
I am operating alone ans have only one mechanic. I am using a six- 
passenger Pilzrim monoplans with a pey load of 1,257 pounds on sicis and 
895 pounds on pontoons. These pas’ loads are set by the Aeronautics 
Branch of the nited States Department of Commerco. ! 


"tn summer, of course, ovr operating costs are higher because of the 
lover pay loads. My operating costs averace $60 an hour, including de~ 
preciation, | insurance, nechénic's salary and expenses, my own salary as 
& pilot, and the various other items which maxe up the cost of operetion. 
Gasoline averaces 50 cents a ge@llon and oil $1.25 a gallon. 


"T average about 6CO kours a year at a cruising speed of approxinetely 
» 100 miles an hour. My plane is insured for $11,900 against fire only, at 
® cost of 5 percent, I carry $10,000 to $50,500 passenger liability and 
$20,000 public liability insurance. Cur insurance premiums amount to 
$1,085 per year, We write our snips off in 3 years, the depreciation 
being 40 percent the first vear and 30 percent each the second and third 
yoars, | 


"Our average char ze ner passenger-mile is about 55 cents, and our aver~ 
age freight charge for 200-mile distances is 30 cents per pound, corre~ 
sponding to about $3,00 per ton-mile." | - 


Arctic and Winter Flying 


We Je McDonouch, in an article published in Aviation Engineering for 
March 1933, stated that tne chief value of the airnlane as an aid to mineral 
exploration could be divided into eigat distinct functions: 
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"l. The rapid and safe transportation of prospectors, food sunplies, 
and equipment from one northern point to another, thus more than doubl- . 
ing the efficiency of the prospector by saving time. 


"2. The extension of the prospecting season by many weeks because of 
the ability to reach quickly remote districts in a few hours. 


"3. Opportunity to visit prospecting varties by regular patrol and 
supply their requirements as well as keep them in touch with headquarters 
and to fly them out in case of. business demands or illness. 


"4, Coordination of a company's exploration effort by flying super- 
visory engineers and geologists to any district from which important in- 
formation has been received through various bases. 


"S. The rapid inspection of claims regarding which information has 
been received and the confirmation or rejection of reports which other- 
wise might cause unwarranted effort. 


"6. Flights by larze freight aircraft carrying complete mining staff 
for the investigation of distant areas, with suvplies and equipment suf- 
ficient fot extensive examination of pronorties. 


"?, Flights carrving directorial heads on tours of inspection to 
ascertain water-power resources and timber se of any district. in 
relation to mining Sexecomnenye 


Ng, seopecatione ith Aavetanent sesaeenente in the ravid organized 
development of northern Canada as regards its mineral resources.!! 


Hish-wing monoplanes are preferable, due to conditions of operation en- 
countered in the field. It was stated tnat nearly all airplanes used on 
transportation service in Canada have been equipped with Pratt and Whitney 
Wasp 9-cylinder, radial ail:~cooled engines. Stron¢ preference was expressed 
for single-engined planes’ because of the delay dve to warming engines with 
plumbers! pots to get them started in the norning. A cruising speed of 100 
miles per hour for 6 hours without refueling is considered desirable, but 
it is extremely impvortant that landing speed under full load should not ex- 
ceed 53 miles per tiour. The airplanes most suitable for use should be able 
to take off from glassy water with a pay-load of 2,300 pounds and 5 hours! 
fuel sutply in 40 seconds. Desirable minimum pay-load capacity of cabins 
vas given as 250 cubic feet, although planes in use were said to have only 
150 to 170 cubic feet of paty-load space. 


In conclusion, it vas stated tnat take-off ability and low-landing 
speed should be ziven the primary consideration for this type of service. 
The avnlication of slots and flaps seems to te a solution to this problem. 
A landing speed of 60 to 65 miles an hour is much too high for safe opera- 
tion and makes conditions extremely dangerous when a landing becomes necessary 
on rough water or on hard-packed or drifted snow. 
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‘He A. oka. veoes Utd. mooaea, in a letter eG the author mikes the 
_ following stetements in reference to planes for transport: 


(a) Transport aircraft to have sufficient capacity to be effective 
must have at. least 400 hp, An air-cooled engine of nroved type is pre- 
ferable. Reconnaissance aircraft should have cir-~cooled engines of 150 
to 200 hp. oO | : | | ‘ | - 


(b) Disposable load (total licensed load lees weight-of airereft 
empty) should be about 2,700 pounds: for bad All and 1,200 pounds nee 
1 econmaissance. 


(ce) All-metal sina teie ries is ieee aba: ‘Fven if a hangar is avail-~ 
able at ae eat tae eurereuee will be in tre open most of - time. 


(i) Cruising s: seed with. floate should not be tess than 95 miles an 
how. It 4s advisatle to have transport and reconnaissance machines with 
approximately the same cruising aunee 60 that they will be eble te travel 
tozetier conveniently, oo 


(e) Rugzed construction for seueieie winter operation in the Far. 
North, he EQ eeaeay. rough going. 


(f): The aircraft should be seaworthy to give maximm service for 
extended summer overations, some of which may be on big inland waters, 
Delays due to weak float wuidercarriage are expensive. Unnecessary risis 
of capsizing or foundering cannot be tolerated. 


(2) Quick take-off and cood climbing ability are highly essential 
for operation into and out of emall lakes and rivers. The equipment 
should have a service ceiling of at least 15, oe feet to insure satis- 
factory operation in the mountains. 


(h) Adaptabi lity for aerial photography is required. 


Personnel. -- To save weight and expense nen of dual capacity should 
be chosen.. Pilot-mechanies are obtainable. They can be trained to 
assist in mine sampling. Pilot-geologists and pilot-engineers are rare 
but are extremely desireable for such work. Experience has shown that an 
engineer or geolozist who has not flown considerably as a pilet is a 
distinct financial hazard. Too frequently, be loses his effectiveness as 
a geolosist and engineer if his flisht training and experienca are inade~ 


quate. 


NAuthori yt to use aircraft. -~ To eliminate joy~riding and unnecessary 
flying, e all flying is. ie classified as "reconnaissance," "transport," "test," 


or similar service, and each flying job must be requisitioned me someones 
in authority." 
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After the cost of flying is estimated, a rate should be set up, making 
a fixed charge ser mile or per hour or per pound, depending upon the nature 
of the work, All flying should be charged at this rate azainst the overa~ 
tion for which itres performed. It is acvisable to make the rates high 
enough to give the flying branch @6enall paver profit on its operations. 


A complete field record of flying overations should be kept. 
Aerial Cil Reconnaissance 


Following are fragmentary notes frou correspondence and conversation 
om p 
with Stuart Moir, western sales 1tanezer for Fairchild Acrial Surveys, Inc.: 


"Sone emphasis should te alaced on tue funcamental difference in the 
requirements for surveys made for netroleum reconnaissance as arainst 
those made to locate mineral deposits. Generally, the followins has 
held true for experience and practice in the United States: 


l. Petroleum surveys have covered large areas and required relative-~ 
ly small-scale mars. . 

2. Mineral surveys usually have covered relatively small areas and 
required large-scale maps. 


The biz area in Africa manved by the Aircraft Operating Co. of London 
covered over 60,000 square wiles, according to available information. 
These surveys were for a three-fold purpose: (1) Land classification, 
(2) locating mineral-bearing areas, and (3) mai pins a new courtry prior 
to colonization. 


From the Dallas, Toxas, headquarters aerial mars were propared of more 
tran 30,000 square miles for oil reconnaissance. The arca included many 
of the major producine fields, such as Yates Pool, Winkler, Iuling-Mexia 
fault line and the Balcones fault line in Texes, and the entire Hast 
Texas BISin. Fovbs field in Ncw Mcxico was conpletely mapped as were 
many of the domes in the Galf rezion of Louisiana and Texas, 


In Mexico extensive surveys have been nde in the States of Tamaulipas, 
mevo Leon, Vera Cruz, Tebasco, and Yucatan. 


Considereble vicual reen una.ssenrce br sirplane has been done by mining 
ensineers: and cenlorzists in Sonora, Chihuahua, Siraloa, Zacatecas, Dur-~ 
anzo, enc Gucrero, and there are prooably otier aerial surveys of which 
nothing is generally ‘morn. The Wilitary Bnzinecr for March and April, 
1933, kas details cf the Grtenele-Vonduras boundary survey, made through 
cooperation of the Tniteé Stetes Geolovical Survey and the United States 
Army Air Corps. 


The cost of onersting 2 four-nessene:r cabin Feirchild airelane (FOZ) 
in Mexico over & perind of avnroximately 4 ycars was 22,75 cents a mile. 
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This included depreciation, taxes, and.all operating expenses. All 
charges for the operation of an FCSW Wasp-powered Fairchild in Mexico 
came to 28 cents a mile. 


The pave bok of a seven-passenger Faircnild 71 with a Wasp engine 


amounted to 30 cents a mile over 70C to 750 hours of flying. 


Exclusive of the pilots! salaries, the charge for operation of a 300- 


hp. photographic plane is about $30 an hour, based upon about 400 hours 


of 


flying per year. 
Flying for photograrhic work sells for $50 to $60 an hour, including 


the nilot and taling into account the relatively small number of hours 
flown ina year. This figure includes $2.71 an hour for insurance of 
the type carried for photographic work ($100,000 to $200,000 public 
llavility, plus coverage for plane damage by tornado or fire, plus theft 


protection). 


an 


The cost of aerial maps and surveys depends upon so many factors that 


offhand estimate is likely to have little value. Such factors as the 


scale of the maps and the probable use to which they will be mt are im 
portant. The elevation of the area to be mapped is of particular import- 
ance. Distance fron headquarters of the mapping concern and whether there 
are other jobs to be done in the immediate future in the area where the 
mapping is undertaken, have a decided bearing on costs. The safest way to 
arrive at the cost of the work is to prepare specifications covering the 
scale and the accuracy required, and other details, and to call for esti- 
mates for concerns accustoned to making aerial maps. 


In making oil surveys, we are accustomed to think: in terms of square 


miles, rhereas in making minerel surveys usually we “oe in terms of 
acreS.s ; 


Aerial-map interpretation is an art. A high degree of efficiency in 


reading this type of map can be acquired only after considerable study 
and field experience. | 


There is every indication that with the repid progress in aerial de- 


velopment, costs of aerial maps will be reduced and their accuracy in- 
creased in the near future. 


Anonz the advantages of using aerial- survey methods for pipe-line location 


may be mentioned the following: 


line 


1. A right-of-way man can show a land owner exactly where the proposed 
will cross his ground, without the owner being antazonized by surveyors 


running lines on his property; also, a survey can de made without the land 
owner realizing it. 


‘tion 
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2. The shortest and most convenient and hence the most economical loca 
can be mede within a minimum time. 
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3. Chances in oneratins mlans wnich nay require changes in location 
occesi 92 & minizum of lost time for resurvey. Dye to the lar. ee amount of de- 


— On @erlal-survey maps, changes can be ecne te eieo-and decisions reached 
imneciately in many cascs. 


4. The pipe-line écnteeetor cen submit a more intellirent bid oving to 
ee lavge amount 0” detail shown en the ee etc 


oe Transportation and s* srinzing costs are reduced because trails, roads, 
hichways, and topography near the rizit of way ere shown in great detail. 


Se Obstacles ave shiowm-in such detail that it is easy to avoid them. 


7. Stream-crossing exnense ic minimized by selection of the more favor- 
adle crossings. The wealth of detail on the nnotosrapnhs makes it possiblo 
to estimate strean-—crossing costs more accurately. 


Aerial Sarveys in Relation to Jconomic Geolozy 
By lletin 377 cf the Institute of Mining and Metallurzy, October, 1932, 
‘contained an intere tine. < per by Deneld Giil on ‘Aerial Survey in Relation 
to Heconenic Geology." The following points of practical interest to the 


seologist ere given svecial mention: 

te I+ is cesirable trot all the photogravns in a mosajc should have 
been talen at earprorimately the sane time of day to aveid confusion in shadow 
effects, 

-e Ft is highly desiragle that all Joins sa-vld be straight edges, 
ratner than trat they should be camouflazed by following some undulating 
feature, Sor examnla, a road, tlhe edzo of a forest, or a stream, as is some- 
times done. Tt sho.ld be impossible to mistas « jcin for arythinz else in 
mosaics used for scientific wurncses. 
oe It is preferacle tuat there shon]d be a framk breax in detail at 
a join ratner than that tie nmapving should te fudsed in any way - for example, 
by stretcaing ta: ewelsion of the prints rhen vet. 


The vrover uss of aerial survervs ani chotogravhic naps exnedites and in- 
creases the accuracy and dotail of syeological and otner work in connection 
Titan tue development of minerel cevosits. The sevines effected in the develcn- 
mens and other worl: usually will exesoad censicerably the cost of the. aerial 
work. Furthermore, ths right “inl of aerial survering will minimize the 
chances of overlooking neurby deposits wiich way :reve to be of economic 
valves 


¢ 


urveys expedite and recuce the cost of construction of railroads 


S 

hicaways, trails, catan traumays vover transmission and telephone lines, 
nive livres, end similar anxiliar; ee os ene 
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This included depreciation, taxes, and.all operating expenses. All 
charges for the operation of an FC2W Wasp-powered Fairchild in Mexico 
came to 28 cents a mile. ~ 


The operation of a seven-passenger Faircnild 71 with a Wasp engine 
amounted to 30 cents a mile over 70C to 750 hours of flying. 


Exclusive of the pilots! salaries, the charge for operation of a 300- 
hp. photographic plane is about $30 an hour, based upon about 400 hours 


of flying per year, 


Flying for photograyhic work sells for $50 to $60 an hour, including 
tne vilot and taking into account the relatively small number of hours 
flown ina year. This figure includes $2.71 an hour for insurance of. 


the type carried for photographic work ($100,006 to $200,000 public 
llability, plus coverage for plane damage by tornado or fire, plus. theft 


orotection). 


The cost of aerial maps and surveys depends upon so many factors that 
an offhand estimate is likely to have little value. Such factors as the 
scale of the maps and the probable use to which they will be ~t are in- 
portant. The elevation of the area to be mapped is of particular import- 
ance. Distance fron headquarters of the mapping concern and whether there 
are other jobs to be done in the immediate future in the area where the 
mapping is undertaken, have a decided bearing on costs. The safest way to 
arrive at the cost of the work is to prepare specifications covering the 
scale and the accuracy required, and other details, and to call for esti- 
mates for concerns accustomed to making aerial maps. 


In making oil surveys, we are accustomed to think in terms of square 
miles, rhereas in naking minerel surveys usually we think in terms of 
acres. | . 


Aerial-map interpretation is an art. A hizh degree of efficiency in 
reading this type of map can ve acquired only after considerable study 
and field experience, 


There is every indication that with the rapid progress in aerial de- 
velopment, costs of aerial maps will be reduced and their accuracy in- 


creased in the near future. 


Anonz the advantages of using aerial- ~survey methods for pipe-line location 
may be mentioned the following: 


1. A right-of-way man can show a land owner exactly where the proposed 
line will cross his ground, without the owner being antazonized by surveyors 
running lines on his property; also, a survey can ve made without the land 


owner realizing it. 


2. The shortest and most convenient and hence the most economical loce— 
‘tion can be mede within a minimum time. 
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3. Chances in operating plans which ney require changes in location 
asion a mininun of lost time fom resurvey. Dye to the larse amount of de- 
tail on acrial-survey maps, changes can be consiiered and decisions reached — 
immeciately in many cescs. . 


4. The pine-line contractor cen submit a more intellifent bid owing to 
the lavgs amount o° detail shown en the acrial-survey TADe 


oe Transportation and strinzing costs are reduced because trails, roads, 
shwavs, wo near the rizut of way ere chown in great detail. 
highways, and toporrachy near the rizut of way e great detail. 


pa ° 


Oo. Ocvstacles ave siown-in such detail that it is easy to avoid them. 


7. Stream-crossing exnense ic minimized by selection of the more favor- 
able crossings. The wealth of detail on the chotosrapks makes it possible 
to estimate streanm-crossing costs more accurately. 


Aerial Surveys in Relation to Sconomic Gvolozy 
Bulletin 377 cf the Institute of Mining and Metallurzy, October, 1932, 
“contained an interesting paper by Deneld Gill on ‘Aerial Survey in Relation 
to Heonenic Geology." The following points of practical interest to the 
seologist ere given special mention: 

te I+ is cestrable trot all the photogravns in a mosaic should have 
been taken at arprorimately the same time of day to aveid confusion in shadow 
effects. 


-e = 3t is highly desiragle thet all foins sa-vld be straight edges, 
rather then trat they should be camouflazed bt: followinz some undulating 
feature, sor examnle, a road, tle edzo of a forest, or a stream, as is some- 
times done. [It should be impossible to mistaks & jcin for arythinz else in 
mosaics used for scientifie wurncses. 


Oe It is preferactle tiat there should be a frank break in detail at 
a join ratrer than that tle m2pving should te fudsed in any way - for example, 
by stretcaing tn: emalsion of the prints when vet. 


The wroner vse of aerial survervs ani chotozranhic naps exredites and in- 
creases the accuracy and detail of geological and otner wort in connection 
wita tue development of minerel Gevosits. The sevines effected in the develcn- 
mens and other wort usually will exca3cea censicerably the cost of the aerial 
work. Furthermore, the right “inl of eerial surveving will minimize the 
cuances of overlooking neurby deposits which way oreve to be of economic 


Vase 
value, 
é 


Acritl surveys expedite and recuce the cost of construction of railroads 
hicavays, trails, eerial tramways, porer transmission and telephone lines, 
mive lines, end similar anxiliary;y developments. 
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| AIR TRANSPORTATION OF ¥REIGET 


Recent developments indicate that where the cost of ground transportation 
of freight exceeds 11.5 cents per ton-mile consideration should be given to the 
use of aerial transportation. 


Where the air transportation of all freight is not justified the employ- 
ment of auxilisry airplanes is suggested for consideration to reduce expensive 
Gelays in the shipment of bullion, high-grade concentrates, perishables, emer- 
gency repair parts, emergency supplies, samples, Grill cores, and similar items. 


In the following summaries the reader should bear in mind that many of the 
instances cited were pioneering efforts. The experience gained may indicate 
the advisability of variations in methods and equipment on future transporta- 
tion jobs. Development of both equinment and methods has been extremely rapid. 


Hence, yesterday's best practice in air transportation may be poor.when measured 


by the standerds of tomorrow. 


Without defending or criticizing the types of equipment chosen, the author 
has given such available cost data and details as could be procured for some 
actual uses of aircraft to transport mining and petroleum equipment and sup- 

. plies into isolated districts. | | 


Freignt Transportation in New Guinea 


One of the outstanding acco:mlishments is described by C. A. Banks, manag- 
ing director, Bulolo Gold Dredging, Ltd., in an article published in Bulletin 
544, July, 1932, of the Institution of Mining and Metallurgy, London. This is 
supplemented by additional data from the Junkers Corporation of America in July, 
1933. | 


The Bulolo placer deposits are situated in New Guinea anproximately 7° 
south of the equator and 35 miles in 2 direct line froin the coast. The sur- 
face elevation averages 2,250 feet avove sea level. As there are no roads 
through the dense tropical jungle, drilling and shaft testing were conducted 
with supplies and equipment sent from the coast to the interior by airplanes 
capable of transporting about 2,000 pounds per trip. 


When sampling results had proved satisfactory it was decided to equip the 
property with two lO-cubic foot, all-steel dredges (now working) and a 3,000- 
up. nydroelectric plant, and possible methods of transvorting such equipment 
were given full consideration. 


The country between the coast and the dredging ground is rough. <A moun- 
tain range, the lowest pass through which is about 4,000 feet above sea level, 
has to be crossed. A road would have to be 90 miles in length. Construction 
would require le to 18 months. It would cost more than a million dollars. 
Even with a road completed, the cost of hauling would be heavy. Road upkeep 
would be extremely expensive because of the heavy rainfalls. 
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Air transportation of men and curzlies for preliminary testing and pro- 
scectinzg operations had been entirel, satisfactory. After full considera- 
tion of the meny factors involved, including sectionalizing: of ecuipment to 
redice tne size and veisnt of individual pieces, it was decided to ebtindon 
all idea of a road and to timasport all machinery and eaquiznent from the 
cozst by airrlanes. ‘The total weignt of the two areadges and the hyaro- 
electric nlant vas estinanted a4 2,4)9 short tons. It wold be necessary to 
transport 200 tons monthly uot to delay coustruction. 


Transportation eorimient. - Two Jurzers -60l trimctored, low-wing passen- 
Ser monoplanes, altered ar strengthened to suit requirements, were purchased. 
with any two of the ensines in operation ths maintenance otf a reasonable ele- 


s 
vation is possible with tnese slanes. 


Cn 


st-re parts. - During the transportation of 2,500 short tons, requiring 
about 1,0UC trins, engine trouble Gevelopca in one flignt only, when the 
center engine failed. ie lcaded plane finisued the flight without diffi- 
COlLty Wit. tk emaining two engines. 


ci 
ry fp 


wanding fields. - Construction of a suitable landing field at Eulolo was 
~@ mejor unaerta.in;. A sandy gravel cite was cnosen on the downstream end 

cf the property just off the dredging areca. Dense, tropicel jungle with 
trees exceeding 4 feet in diameter hec to be cleared and a large drain placed 
along the ucper edge tu xeen the field free of surface water. To reduce 
bunny landings due to e@ir currents produced by reflected heat of the sun, 

tne entire area was planted with couch crass. 


_ The Bulolo air field too 7 months to commlete and cost approximately 
$69,000. Cutting the srass hes been the only maintenance required since 
completion. With planes weighing anvroximnetely 19,0CO pouncs striking the 


ground at 75 miles an hour a sovt suriace céraot be tolerated. With good 
surfacing tac wear and teur from landinzs snd taxe-offs Las been small. 


Airvlane oneretions. - Airplane operstions were conducted by an airways 
comuany uncer @ contract vhich incluaea sana venent and other facilities. 

The flying distance from the coact airnort to Bulolo and return is ap- 
proximately 100 miles. ‘he flying time for the round. trip averages 75 
tuimutes. The average eltituce ettained in crocsing the mountains is 6,000 
feet. Loads carried heve averazed ebpuut 5,406 nouinds. With improvements 
in the Lae landing field, however, they wili be incregsed tc about 6,000 
peunas or more. 


The a@irplenes 2re designed to carry lonzs nieces as well as heavy pieces, 
uence they cannot be tlovm emoty. For the return flight ballast must be 
placed in the aft cormertment of the otnhcervise emty plane to maze the tail 
weight anoroxiuately 2,050 scunis. “ster ballast could be used, but gravel 
was neecec et Lae, hence -travel in baits was used for ballast. 
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Loading and unloading operations. - A 10-ton, locomotive-type crane loads 


the planes at Lae.. Its position is just behind the wing. Cargo is always 
loaded and unloaded from tne rear so that in case of accident the load would 
fall on that part of the fuselage which is most easily repaired. 


The concrete loadin; apron is fitted with pletform scales for weighing 
the tail of the plane to mske sure that its weight always is between 1,800 
and 2,000 pounds when the loading operation is completed. Cargo is shifted 
to seep the weight between these limits. 


After ea little experience, loading time was reduced to 20 minutes or less. 
Only ten minutes were required to lcad dredge vuckets. 


& ecsreful inventor, of each load was made to facilitate revlacement with 
minimus delay in case of accident. 


A hand-operated, stizi-leg crane is used for unloading at Bulolo. Unload- 
ing requires aoout half the time needed for loading. . 

The anticipated difficulty in securing cargo in the cabin did not material- 
ize. Heavy pieces of machinery were lashed in position by light, steel cables 
attached to the floor and sides of the cabin. The cables were fastened arounc 
the machinery with clamps and drawn tight with turnbuckles. No trouble has 
been experienced due to cargo shifting. 


The upper tumbler shaft, which was le feet long and weighed nearly 7,000 
pounds, was carried in four cradles set on the main transverse beams of the 
cabin floor. With concentrated loads, rubber pads were introduced between 
the load and the wooden cradle to absorb shock in landing and taxiing. Some 
less heavy, but awkward, parts were carried on bags of rice needed for food. 


Frogress. - Two additional uredges and two more hydroelectric units are 
in course of transportation. ne of these additional dredges was scheduled 


for operation in Sevtember, 1955 and the next in May, 1934. In addition, 
general supplies, spare narts, and other necessities are being transported 
continuously for the operation, bringing the weight cf material transported 
by airplane well above 5,0CO tons. 


Costs. - Total field costs for air transportation of 2,500 tons, including 
all handling of cargo from ship side to airplanes, were $182,000, or $72.80 
per a ton, equivalent to $1.45 per ton-mile (using $3.50 to the Australian 
pound). 


The records to July, 1935, show that the airplane service for the Bulolo 
Gola Dredging, Ltd., includes 12,500,000 pounds of freight, 11,0CO passengers 
over a period of 5 years, and a total distance traveled of 1,000,000 miles. 
The staff included 7 pilots, 20 mechanics, and 28 helpers. ‘This service has 
been carried on without the loss of any freight and without a serious accident. 
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Freight Transoortation ry Alasan Airways 


Following is a tricf of a ststessut by UU... Latz of the Alaskan Airways, 


Air trancnortatvio: is alrecdy an ivsortent factor in Alusxa. Considering - 


the spercel, settled natare cr the ccuntry, doubtless it will become increas- 
ingly inwortrst is. tne future. 


mstances wuere airer.Ft are used in the develoouent of mining onerations 
in tne Territory are of alsuost atily ccocurrence. FEadio communication is fair- 
ly well estasdlisneca tirvucaous tae interior anda requests sre received regu- 


arly at the bases oY tue alasxoun Airways for revlacements of broen machinery, 
Por snvre oarts, moa scuroplies. 


An outstandiny instance cf the uss of the eirplane in this cornection oc- 
curred in tne sprins of lace: Sixty er more ducxet lins, weighing approxi- 
mately 100 nounds eacn, were taken ay -irnilenes from Anchorsage to the dredge 


z é 
of the New York-Alasise Gola Lredgins Co., 500 miles or more in the interior, 
in the vicinity or axiax. “he only cther soy to neve transnorted these lips 
would have been by stezuer fron Seattle to Bethel at the nouth of the Kusko- 
kwim River, where the; woalu have been trenshivped to a sintll river boat and 
carriec some distance firther. They would then heve to be snuled by tract- 
ors @ long cistance over trails, and delivery could not hive been made until 
toc late for the Lint to have deen of ary use thet scason, as the first steam- 
er to Bethel left Ssattle on “May El. Accordingly, the bucxet lips were sent 
by ship to Sevard and over the Alaskan Reilrosé fron Sevard to Anchorage. 
From there the Ales:iri: Airvs.s carried them inte the interior and were able 
to lesve them rithin a snort distance of the dreage. All of the bucket lips 
were Celivered in plenty o7 tuuc for the dredire to comence digsing as soon 
as the weather permitted. tad there been no airmlane service, the loss to 
this operator would ave ceen serious, anountin? to practically an entire 
season's work. 


Anotner instance "as when a shinuent of dynasite end fuce, destined for 
.eGfra on tne wuchoxvin River, niesed the last steamer from Seattle. This 
material would have gons fron Sesttle to hethel and transhinped there to a 
river boat for keatra. With tne close of vater transport:.tion there would 
m.ve been nothinzs to do but wait for f:vorable conditiors end haul the mater- 
ia] in with Go, temas. Vowever, as airnlane service was available this ship- 
ment reached its destiaution in avple tine for Anchorage, and there was no 
loss of time at the mine. Use of dog teaus to serve this section of the 
country epnears ts de aimost @ trims of the past now that aerial transporta- 
tion is available. 


Gold bullion is resularly handled by e@irnlane from many interior points 
to Anchorage and Fairb:tu:s for shicuent to the outside. This means much to 
the oreretors becruse tiicre is no less of tiae in rettinz the cold out. 
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Freight Transportation in Canada 


Airplanes continus to pley an i.mortant part in the aevelcpnient of nev 
mining districts in Canada. Although air transportation of heavy freignt nas 
not been undertaien to the extent tuat it is employed in New Guinea, the use 
of airplanes capable of carryinz from 1,200 to 2,900 pounds of freignt has 
beer perhaps more extersive in the imiving districts of Can:da than in any other 
area ot the world. ee | 


These airplanes have been emsloyea mostly in the earlier stages of pro- 
specting end development to transport men, dianond-drilling outfits, food, and 
other supplies into the newer districts. As a rule, the planes have been 
eared with flosts auring the summer months and with skis for winter opera- 
tions. ifuch of the flying has been done by chartered equipment belonging to 
air-transport companies, althougn many routes. in ining districts have been 
flown on rezular schedules ly air-transport operators carrying passengers, 
mail, and express. 


During the season of 1932, capa nate: Ltd., adaued to its equipment 
a single-engine Junkers Ju-5Sé plane capable according to the manufacturer, of 
carryinz a pay-load of 4,950 pounds for a distance of slightly more than 600 
miles without refueling when equipped as a land plane. Float equipment doubdt- 
less would reduce the pay-lovd or the cruising radius, or both. Such equip- 
ment should niatkte possible the transvortation of heavier loads at lower rates, 
and its purchase inaicates anticination of additional demand for the transpor- 
tation of heavy freight. into. uaaane Cistricts. 


Great B Bear Lexe District. - With regard to serial transportation in the Great 
Bear Lake area, the Cenadian Mining vournal for July, 1922, contained these 
items; ‘ 


From ifsrch to September, 1951, Spence-Mclionouzh's three airplanes covered 
a. distance of 53,5CO air-miles in the mining districts of northern Canada. 
They carried 40,00C pounas of vey freight between Waterways, northern Alberta, 
and Great Bear Laxe. Incluaed in this work was the transport of a complete 
diamond-drilling outfit to the most northerly point at which such work had 
been done on the continent. Ncne of their ships so much as demaged a brace 
during the season, although much of the flying was done under extremely un- 
favorable conditions. 


From Waterways to Great Bear Leake is approximately 800 miles. - The 20 tons 
of freight mentioned was transported by air at a maximum of 80 cents per 
pound, or $2 per ton “mile, including conplete insurance coverage on the 
freight. 


Water trans svortation from Waterways to Gent Rear Lake is open for only 
2x months during the year. The boat rate has been anproxivately $520 per ton, 
or 40. cents per ton-mile, out 4 to 6 weeks are. required for water transporta~ 
tion, as compared with only 12 hours by air. 
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Ontario. - C. ¥. Jacisson, mining engineer with the United States Bureau 
of ‘fines, contriouted the followings note regarding air transportation for the 


ne aa 


ashley gold mine, Matachewen Cistrict, Cnvario: 


Although most of the heavy matericl and equipment for the Ashley gold 
mine was hauled in by winter road, 45 tons were transported by airplane dur- 
ing 1932. This freight vas flown from Elx« Lake (a widening of the Montreal 
River) to Ashley I:xe (rormerly called hitefish Lake), three miles from the 
mine. The distance between lniudiags is anproxinetely S2 miles. A 4-place, 
320-hy. Gellanca with a cruising speed of approxinately 100 miles an hour and 
a vay-load with floats of about 1,15) pounds was used for the freight trans- 
portation. The trip required eG to 2S minutes. 


The plane was operated by General Airways, Ltd., with a passenger fare 
of $10 one way (31g cents ver passenger-mile) and a freight charge of 6 cents 
per pound, ($3.75 ver short ton-mile). Surface transportation cost for 1,412 
tons hauled over winter roads was 64.6 cents per short ton-mile, or about 17 
yer cent of the air-traneyortation cost. » 


Preistat Transvortation in Mexico 


G. C. Quick, pilot for Bl Pas» Air Service, contributed the following, 
unaer date of June lb, 1982: 


I am operating for the Zl Peso Air Service a Bellanca Pecemaker equipped 
with a Wright J-5 motor, over an LO-mile run from ‘lazatlan to Contra Estaca, 
Sinaloa, Mexico. I find that it is not advisable to land cn my field at the 
Liexican Cendelaria Mining Commany at Contra Estaca after 10 a.m., as it is 
@& mountainous country and my approach is poor; the field being an improvised 
one, 1,750 feet long and 290 feet wide, mace by & bend of the Elota River, 
and situated between steep canon walls. 

My operating cost per flying hour averaged $27.50 U. S. Currency on this 
particuler run, making én average of 40 trips monthly.. The flying time each 
Wuy uvereged 38 minutes, muxing the averase flying time per trip 76 minutes. 


hiiscellaneous freignt including drill steel and structural steel pieces 
weighing as much as 1,500 pounds, also rresh vezetables, groceries, and sup- 
plies, are flown to the mine, and I carry gola and silver bullion back to 
uazatlan; also such cther miscellaneous cargo es it may ve necessary to ship. 
Passengers are also carried. I hauled apvoroximately 100 tons from January 1 
to June lo, 1952. Operations have been perfect. 


The only other existing means of transportation to this particular mine 
is by pack train, whicn taxes 5 da,s each way as compared with 33 minutes 
flying time as stated above. I imow no other make of plane that would be 
better suited for this particular run. | 


The flying cost on this run is given as 29.03 cents per ton-mile. Appar- 
ently, this figure does not include depreciation, insurance, or pilot's 
selary, although full details could not be procured. 
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Durango. ~- During the 7 months prior to November 1, 192, the San Luis 
Mining Co. of Tayoltita, Durango, transported 198.4 short tons of freight by 
airplane. This included supplies te the mine and bullion from the mine to 
the outside. The air-route is ayproximately 84 miles long, making 168 miles 
flown on a round trip. 


Freight Transvortation in tne United 


Airplanes have been used Wor the transnortation of freight into mining 
end petroleum districts of the, United Stetes to a much less extent than in 
Canada and Alasia. In certain isolated districts where ground transportation 
facilities are poor and the weather in general is favoradle, the possibilities 
appear to be excellent for furtLer development of economical air transporta- 
tion of heavy freizht for mining and petrolewn operations. | 


Aircraft have been used @&# petroleum and mininz companies of the United 
states for transportation of executives end salesmen, for emergency transpor- 
tation of repair parts and suppliec, and for acvertising. Fowever, as yet 
they have not been euployed towany great extent for the transportaticn of 
heavier freight. 


It should be pointed out that most air-transportation developments in 

the United States have been directed to a steady increase in speed, with im- 
portant sacrifices being made to attain this objective. <A brief study of air- 
transportation problems makes one reluctant to challenge the wisdom of these 
sacrifices for commercial air-line operations. It should be indicated, how- 
ever, that in the eir trensportaticn of freight for mining or petroleum opera- 
tions, the cruising speed of the aircraft is of minor importance when compared 
to such factors as weight-carrying capacity, stability, depencadility, slow- 
landing characteristics and, in some instances, ability to land and take-off 
from small, rough landing fields, and to climb rapidly to avoid obstructions 
in the take-off. 


A contribution from Newton Waxefield, mining engineer, vice~president 
and general mangcer, Mamer Air Transport, on available flying equipment is 
sSumuarized es follows; 


‘ 
There are many types of airplanes on the market, ranging from the fast 
single-mnter to the large single and multimotored traneport planer. There 
are land plenes, seaplanes, ant. anphibians, all of which have their special 
uses. There are comparatively few, however, that ace suited for transporta-~ 
tion of heavy machinery for mining and petroleum operations. The choice of 
equipment depends in each instance on the work to be done which imposes cer- 
tain limitations upon the tyges of planes to be used. The restricted area 
of landing fields eliminates the use of planes with fast landing speed. 
The commetition of surface transportation usually makes it impractical to 
use high-speed equipment where pay-load is sacrificed for speed. The con- 
paratively high altituce of some landing fields imposes further restrictions. 
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Rather than to go into & technical di« scussion, it may be stated in general that 

Elsnes used in-mining and petroleum transportation work should have the follow- 

as characteristics, which will he varied somewhat with the weirfht of single 
oads to me tronsported end the iceal ccnditions of oncration: 


poneunauwely slow lending=spoed, high rate of climb, large pay-load, economy 
in overation, comparatively lone cruising remce, sturdy construction and ease of 
Loading ari unloacizs are immnortunt factors to be ¢onsidered. In general, all- 
metal construction has received the preference over metal end fabric construc- 
tion, perticulerly where heavy losds are to be carried and where hangars are not 
available. hile foiriy hish cruisin: spsed is desiruble under certain conditions, 
it is by no means essential, and cther factors are far ore important. 


iiato, - It appears that ore mining supplics and freigsht have been transported 
by air in the Idaho-l‘ontann Districts than elsewhere in the country. 


The Idsho Sunday Statenan for fay 8, 1932, containeld an article entitled 
wr ineed NreLeaitere” by pert -ustis, ftom which tie Tollovying: int crmetion is 
surirised: 


Durine the winter of 1031-S&, airplines re-sularly supplied fcod and news 
of the outside iorld to 2 nwiter of isolated snd snew-tound mountain villages 
in jcdeano,. 


The services was maintained ty ski-ecuippe planes operated by pioneer 
pilots without tre benerit of bveacons and Lichted, clearly merxed, well- 
vsenced airports. There wore no tem. radios to assist the pilots in keep- 
ing on their routes which lsy over rourh mountain peaks. Tne doubtful 
lendin. Siclds are trousands of fect nhove sea level where the take-offs 

ere difficult anc sometizes almost impossible. cnow clouds hang Low ale 
most ali winter end the alr is rough and .ull of vockets. Only u few 
riilnor mishans ocecurrel, uch as damiuing jrosellers or sis on landinge 
Passem-ers and .weil hive bee: tahen in end out of the villares. xpress 
end fcod have teen florm in to relieve distress. tecessary freight has 
been hauled to the mines to permit them to continue operation «nd suprly 
employment. Injurec miners nave teen rushed fron isolated cistricts to 
the more efficient hosvitsis of the larger citics. 


United States Fforest Service; The freiyht transportation problems of sme 
mininy anc petroleum operations in isolated districts are not dissimiler to 
tnose of the United States Forest Cervicee tence, the following summary, pre- 
pared from intormation furnished by the nortnern district cr the United States 
Forest Service riay be of interest; 
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During the 1931 season; 129,413 pounds of freight was delivered by air- 
plane an average air-line distance of 60 miles from Missoula, Montana, at 
@ contract price of 5.5 cents per pounds, corresponding to a ton-mile cost 
of 1.833. The materials ranged frem esezs to ready-cut buildings, All 
freight was delivered in excellent condition without mishap, to emergency 
landing fields in inaccessible meanegat areas over passes with an eleva- 
tion of 7, 000 feet or more. : 


During the 1930 season, 116,000 pounds of similar freight was trans- . 
ported by pack horse et a cost of 7.3 cents per pound, corresponding to. 


$2.43 per ton-mile or 32.7 percent more than the cost of air transporta- 
tion. 
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ATR TRANSFORRATICN CF FERSONS Ill THE UNITYD STATES 


The increésced use of light aircraft for transportation of officials and 
supervisory and service employees in the tsining and petrclowns industries is 4 
highly promising field. luring the past two years the development of suitable 
types of-craft for this purpose has been considerably more rapid than may be 
generally realized. The author is convinced that in many instances the ef- 
fectiveness of more highly paid employees could be doubled by using suiteble 
aircraft at only a slight increase in the present co:t of their transportation. 
In some instances the present cost should be decreased. Before discussing 
this phase in detail, however, it is desired to present summ ries of individual 
air transportation costs actually developed for some allied phases of the prob- 
lem. 


Conventional types of larger airplanes with fair cruising speeds have 
proved reasonably satisfactory for the transportetion of company directors and 
highly paid executives. The indirect cost of such flying has been high, due 
principally to the sizall number of hours flown and to the use of large, mlti- 
motored planes. In some instances, flying costs have been increased to pro- 
hibitive amounts, (1) by using large, exsensive planes only 10 to 15 hours per 
month, (2) by tne continuous employment of pilots, co-pilots, and traveling 
mechanics for little-used equipment, and (%) by the construction of private 
flying fields and hangars which are used to only a slight extent. 


? Flyinz Costs: The factors that determine the actual cost of air trans- 
portation of persons are nerhaps more numerous than those which control the 
cost of automobile transportation. The questions of weight, design and size 
of equipment, horsepower of engines, first cost and hence depreciation of 
equipment, hours of use per year, whether stand-by pilots and mechanics are 
continuously employec, elevation and character of terrain over which operated, 
weather conditions of area in which overated, the cost of landing-field and 
hangar facilities, local costs of gasoline, oil, mechanical repairs and check- 
ups, as well as the character of the equipment and the kind of service in 
which operated, all naturally have a vital bearing on the cost of flying. 


A major petroleum company renorted that it operated a Fornet-porored, 
Boeing 403 mail plane at @ cost of $45 per flying hour or 39 cents per plane- 
mile, including pilots! and :nechanics' salaries and expenses, hangar expense, 
fuel and lubrication cost, repairs and renewals, taxes, insurance, and depre- 
ciation. <As this particular ship carries 3 passengers in addition to the 
pilot, the cost is equivalent to 13 cents per passenger-mile, exclusive of 
pilot. Insurance is rather expensive as it includes public liability and 
property damage, in addition to life insurance policies of $25,000 each on 
the pilot and three passengers. During a period of 43 months prior to June l, 
1932, the plane had been flown a total of 1,886.4 hours, over a distance of 
182,075 miles, and 4190 passengers had been carried. 
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In Western Flying for Janucry 1963, page 22, the cost of flying a Stinson 
Junior plane some 65,000 miles curing 1932 is given as 15.94 cents per rlane- 
mile, including continuously employed pilot's wages; depreciation, insurance, 
fuel, maintenance, and contingent items. The plane was used in north-central 

vebraska in connection with aence Boerne es 


W. A. Mara, vice Seatent of the Stincon “Aircreft Corporation, seabed 
that during 1931, the average operating cost of all the co.many's district 
salesunents 4-place cabin Stinson Jr.-§ nlanes throuzhout the United States 
was 8.46 cents per mile. The figures rangea from 6 to 11 cents ner plane-mile, 
depending upon the locality and the anuount and character of operation of the 
individual planes. These figures inchide servicing end repairs, storage and 
the purchase of gasoline and other neceseary items at any airport where the 
salesmen happened to have their pieee for Senenp rats on: 


The Marpac tecies? Borporation, an oil-well supply firm with headquarters 
at Long beach, Celifornia, has furnished estimates cf the cost of flying its 
4-place Stinson catin monoplane, with the exception of insurance and miscel- 
laneous storege costs. The Stinson, Junior was purchased in May, 1929, for 
$9,775. To Cetober SO, 1952, it had beén flovm 870 hours at approximately 
100 miles per Lour at a cost of 7,958 cents. per plane ‘mile. 


C. F. Williams, district mining supervisor for the United: States Geclogi- 
cal Survey, heedquartered at’Miami, Cklahoma, provided'a good example of the 
results attendant upon the use of aircraft in connection with his work. He 
has used three 6m1l cabin monoplanes, fittéd with engines ranging from 90 to 
110 hp. At present, he is using a Star-Cavalier 90, a 2-place cabin monoplane 
with a 90 hp. Lambert engine. Between July 1 and December'51, 1931, the plane 
was flown 18,400 miles, at an operating cost of 3.59 cents per plane mile ex~ 
Clusive of storaze, resulting in @ time saving of about 30 percent under that 
required for automobile upeve® in ae same etebetets 


Gasoline and oil ppueeiiee ~ Some austenite estimates of gaeoline and 
oil consumption at cruising specds for radial eir-cooled engines in coimsen use, 
as established by practical experience are as follows: 


Gasoline and oil consumption of certain engines 


Rated np. | Gasoline,.gal. Oil, gal. 
ner ur per hour 
a is a 
400-420 18°. = 25.0 0.66 
300 16 ~ g1.3. -61 
240 7 135 ~- 14.5 46 
elS-220 11.5 = 13.0:. 0.389 ~ 0.41 
160 8.0 - 10.5 © mae 
125 6.5 -- 8.9 siio= 26 
110 7.4 - 8.2 13 = 45 
100 6.0 = 7.0 | ~-- 
90 5.7 = 7.0 --- 
--4- 
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Because of the mumber or verianles introduced under actual flight condi-- 
tions, consumption easily may exceeé the hizher figures given for each power 
rating. duel coneumption in pounas per horse-power-hour is published by the 
engine manufacturers. 


The cost of flying Cecreeses renidly es the number ot sours flown per 
year increases. For tne employee whe could :a.ce eftective use of 400 to 600 
hours of air trausportatio: ver ,cer the cost esr mile should be considerably 
‘ander thet of avtomotile transrortation, and the time saving and increase in 
effectiveness would ce proportionately sreater. 

It is the opinion of the author thet cil companies, in particular, could 
sradually reduce their costs cf field supervision to a considerably extent by 
establishing their ovn fligot instruction departments and training selected 
incividuals as private pilcts. Ags sheir courses of instructicn are completed, 
these men coula be equipped with euitavle light «ircraft to be used for indivi- 
dual transportetion in connection with their duties in the 011 fields, where 
conditions are favoreble. As the nazards and costs of automobile uriving are 
lucreased considerably when one car is driven by severel individuals, so the 
razards and costs of flying vould be mich increzced by passing an air-plane from 
one individual to another for use in tue oil fielcs. Thus, the author is forced 
to the coaclusion that the wiser plan woula be to utilize lov cost equipment ana 
provide selected indiviauals with snll plenes for their sole use. 


The adoption of suci. a plun naturally would incur the building up of mechan- 


ical end servicing units within the orsanizetion @iite similar to the automobile 
repair and Geer: vnits now func*tiorzing. 


Although the light airplune ag soue weetne: restrictions, probably being 
held on the grouad durin wed ve ene a car coula geu turough, on the other 
hand, on fuir days following bad weather mcr es snow or he:vy rains and floods 
taat heve dlocked the rotds, tue airplane coula to throusn in safety, when auto- 
mobiles could not fet turough. | 
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Mauy raining operations ére eenducted in mowituzinous localities. Not in- 
frequently, however, it is posible Wituout uncue expense to ¢et two runways 


or aocut 2,000 to 3s, ro fest un lenztth ard 3°90 to Hc feet in width at avnproxi- 
mavely 9O aegrees nmetines the toners] cirection las t- de changed somewhat 
to suit the sneer ye air current. ne tvo runvays need not be connected and 


can be a mile or tro asert if necessiry, if tuey sre both kept in fairly close 
proximity to the loadinsy point. If, «s frequently ay CRS: tre oneration is 
in rougs country, the construction of » landing field ms,- present a serious 
problem. | | | 


- 


If the minin, or petrolews oneretions are on or near a body of water, sea- 
planes and float-eGuicned lend planes can be usea successrull; ror transport 
work. In general, aowever, tue vay-loacs of planes so. equippned are less than 
tnose of landplanes of similar gross weigat. Suitavle locations, of course, 
are not numerois in mountainous cistricts. The nunoer of available places for 
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the construction of landing field: at comparatively low co:t in many areas, 
however, is rather surprising. Flaces that justify careful examination can 
be found most easily as a rule by flying over the area. Flat benches, sand- 
bare, and meedows freauently maize good fields. Graded waste and tailings 
dumus have been used to advantage. : 


The United States Forest Service has constructed some landing fields in 
inaccessible localities in the national forests of the Northwest. They include 
some good fields in the Selvay, Idaho, and Flathead National Forests. They are 
available, of course, for mining co:;npanies in the districts as concentration 
points to receive sunplies énd materiels for development work in the vicinity. 


Tne Forest Service has prevered specifications for air transport landing 
fields to provioe for the transportation of forest fire-fighters. These sveci- 
fications might be of service to mining or enone companies eontcnptayine 
tne air transportation of freignt. 


Tt has been stcted that on occasion the Forest Service has found that the 
st of clearing and preparing a landing field suitable for transport airplanes 
in oes. areas has been comparable to the cost of building a mile of trail 
through those areas. Ina special instruction circular issued by the Forest 
Service, the following vital features are recommended for consideration in sel- 
ecting fields for transport planes. 


1. Since changes in direction of flight are to be avoided in the first 
half mile from the field, locations should be cnosen so as to exclude 
major obstacles so far as possible within a half-mile radius of the 
outside of the field. 


e. Ovstacles in the Cirection of the prevailing wind are especially bad. 


3. The cleared ground puould be nearly level. Sloves of et percent are 
not objectionable. Slopes up to 5 nercent are acceptabdlé but not 
desirable. 


4. The runway must be reasonably firm and so surfaced that a car can be 
driven over it at 25 miles an hour. A firm, smooth surface is highly 
important for a heavy plane. 


5. The approaches to the field must be up to the specifications shown in 
the attached sketch Coenen omitted) . 


6. A runway at right angles 6 the main sinway is desirable, it may be 
in a seconc field as near to the first as the conformmtion of the 
ground permits. The availability of this secondary runway at right 
angles to the first is of increasing importance where the direction 
of the wind varies over wide limits. Conversely, where the prevail- 
ing direction of the wind is fairly constant, the importance uf the 
secondary runway decreases. 
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T.Cs: 6767 
DePENUALTILITY OF AIRPLANES 


weether concitions are of parancunt importance in considering the mainten- 
ance of flying schecules in corvperisca with the maintenance of scnedules for 
round transportation. There is consicersble v- riation in percentage of sched- 
ules actually flown 2s s7aiust those planned for different sections of the 
United Stetes. Sone ide2 as to ellowauces to be made for delays due to climatic 
Conditions can be ohtained by etucyins: Acronsuties Tranen fisures for miles 
scheculed and miles sctuaily flown fer verious sections of the United States. 
Such figures are pablisned from tise te ti.ue by the Aeronautics Branca of the 
Derartment of Commerce in its aIR CCh.SACH BULLET. 


Althcugh meens of ground transsortetion may be continued during weather 
unsate for flyins oncrations, it should be noted that imredintely upon the 
oreak-un of a storm, flyius may be resumec if landinz fields are in usable 
concition. Roads and trails, on the other hana. ma: be blocked by snow, land- 
onc, fallen tiuber, and otner results of storis so that a :mucn longer time 

ala be required vo reswse greund transportetion. Tims, where climatic con- 
eee are unfevorahle, actuel dele,s in trucic, tractor, pack-train, or dog- 
tean transrorteticnu may be consicercbly greater than the celeys entailed in 
&rceunding flying eyuipnent durin; the height of tie storms. 


A brief review of miles tlown rer eccident for scheduled air transports 
&s well as for miscellaneous flying onerations in the United Stetes, according 
to the Air Commerce Bulletin, will give a rough idea of the dependence which 
the mine or petroieun operetor may place in his specially cperated air-trans- 
port facilities. | | 


Figures released by the Assiztant Secret: ry of Cozumerce for Aeronasbics 
in Air Ccmmerve Bulletin, uay-1, 12°, chow ee in scheduled air transport 
operations 5,862,193 ie were flown per passenger f:telity during 
l9cz. In miscellaneous tlying onerations the siles flown per passenger fatal- 
ity were 587,810 curing 1952, «s against 623,514 for 1931. The miscellaneous 
flying overations desienation iaclude2 eeecent inetruction, experixental fly- 
ing, miscellaneous commercial flyinc, sight-seeing, dusting crops, aerial photo- 
granny, and pleasure flyins. | 


Cn tne basis of figures announces oy the Aeronautics Lronch, it appears 
thet the aversge air-line pas:enser could travel around the earth 1,000 times 
scheailed air-lines before Le would run a chance of becoming involved in a 
accident, or ne could travel on an air-line for 4&1 years before he would 
e invoived in 4 fatsl eccident. 
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1. Airplanes can be made to reduce the time and cost of prospecting and 
exploration work, perticulerly in revote areas. They can increase the safety 
and effectiveness of men exployed on exploration, prospecting and mineral 
developinent operations. The employment of mining and petroleum engineers and 
geclogists who hive been thorvuguly trained ac pilots is recommended. 
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2. The choice of suitable flying equipment for mining and petroleum aper- 
ations is importent. Uigh cruising speed is relatively unimportant for most 
airplanes used in these industries. Such characteristics as dependability, 
gtability, comparatively low landiug speed, quick take-off, nigh rate of climb, 
large pay-load, econony of maintenance and operation, compiratively long cruis~ 
ing radius, sturdy construction, and similoer characteristics which would ba 
varied to fit conditions are fur -nore important than high sneed. 


3. Aerial surveve can te made tu expedite geological end engineering work 
in connection with the development of mineral and oil deposits. When properly 
made they increase tne accurac, ana reduce the cost of geological and engineer- 
ing as well és Cevelopment “soris. To be effective tney should be made by men 
thorougnly trained anu excerieuced in aerial methods, particularly in the accur- 
ate interpretaticn of eerial piuctograrhs. 


4. Suitable aircraft cavnable of cruising safely at low sneeds would be 
especially valueole for ceological and enginecring reconnaissance and similar 
work including quick and accurate location end routine inspection of pipelinee, 
long aerial tramways, power transmission and telephone lines, location of trails, 
roads, highways, railroads, camos, available water nower, water supply, timber 
for mining and construction purposes, and similar auxiliary projecta. 


5. When tke estimated cost of ground transportation of freight exceeds 
ll cents per ton-mile, when the ground transportation ecst of individuals ex- 
ceeds 5 cents per mile, cr when available ground methods are slow or otherwise 
unsatisfactory, consiceration should be given to tne use of aerial transporta- 
tion. | 


6. Even when ground transportation is fairly cheap ana satisfactory, 
auxiliary air transportation should be considered for executives, sick or in- 
jured persons, bullion, high-grade concentrates, perishables, emergency repair 
pzrts, emergency supplies, sauplee, drill cores, and similar items. Airplane 
ambulance service is of particulsr importance in remote areas. 


7. In many instances the cost of mining and oil operations could be re~ 
ducec and effectiveness could be increased to a considerable extent by increas- 
ing the use of suitable airplenes, under favorable conditions. 


8. The training of selected employees as private pilots and the substi- 
tution of suitable airplanes for virious forms of ground transnortation under 
favorable conditions would reduce suvervisory, onerating, transportation, and 
otaer costs while increasing effectiveness in the industries under considera- 
tion. In many instances the totel cost of operating suitable light pilodt- 
yourself aircraft should be less tnan the present cost of operating automobiles. 
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